Background There is increasing interest in the healthpromoting potential of physical activity in older adults. The objective of this study was to estimate the likely costs, health benefits and consequences for the National Health Service which might result from a publicly funded programme of regular exercise made available to a population of 10000 people over the age of 65.
Introduction
A large body of evidence associates regular exercise with important health benefits, in particular a reduction in the risk of coronary heart disease, stroke, diabetes, hip fracture and mental disorders. 1 
"
3 Because these conditions become commoner with age and rates of exercise-related injury are much greater in the young than the elderly, the greatest benefit for least cost is likely to come from exercise in older, rather than younger, age groups, in contrast to popular wisdom. 4 Such evidence from observational studies, together with positive results from intervention trials, 5 suggests that it may be reasonable to think of exercise as a preventive intervention, like vaccination or treatment for hypertension, which could be provided by the health service. But although the available epidemiological evidence is encouraging, it does not in itself provide sufficient information for general practitioners (GPs) or health authority commissioners who wish to compare the costs and benefits of exercise in the elderly with other possible healthpromoting interventions -and this is reflected in recent debate over the worth of 'exercise prescription' schemes in primary care. 6 More robust evidence of cost-effectiveness must come from economic evaluations carried out alongside randomized trials of exercise as an intervention. This is especially so given that we do not know whether intervention at any point in the life course can achieve the risk reductions seen in observational studies.
It is well recognized that, in the development and evaluation of new health care technologies, it is important to undertake economic evaluations 'early and often', to concentrate research efforts in those areas most likely to yield affordable interventions. 7 The aim of this study, therefore, is to estimate the likely costs and consequences which could result from a publicly funded programme of regular exercise made available to a population of 10000 participants over the age of 65.
Methods
An exercise programme currently being provided in Sheffield in the context of a large randomized trial of physical activity in over-65s is taken as the starting point of this analysis. The programme provides twice-weekly aerobic-style exercise classes run by qualified instructors, free of charge and in familiar settings close to participants' homes. Instructors are skilled in leading classes which include activities aimed at providing cardiorespiratory conditioning, developing muscle strength and endurance, increasing joint mobility and improving co-ordination and balance. All activities are appropriate for older adults of a wide range of abilities. Locally organized, group-based exercise sessions such as these are a practical and popular way to promote physical activity among elderly people. 8 
Participation
Experience from Sheffield and elsewhere suggests that initial recruitment rates to the programme may vary widely, with between 23 per cent and 44 per cent acceptance reported in two US studies. 9 ' 10 As those who do not participate incur virtually no cost and gain no benefit, variation in the recruitment rate will not alter the overall ratio of costs to consequences significantly, and is not considered further.
By contrast, subsequent adherence is important and may influence the cost-effectiveness of the programme, as it is reasonable to assume that some minimum period of exercise is required before important health benefits accrue. Participants who drop out early will impose a cost without gaining any corresponding benefit. Fortunately, reported adherence rates are high, with rates of 83 per cent at 8 months and between 53 and 75 per cent at 12 months being typical. 8 ' 10 For our analysis, an adherence rate of 80 per cent at 12 months is taken as a central assumption. None the less, variation in this rate must be considered in a sensitivity analysis.
We assume a 'steady state' model in which an exercise programme is already established for 10000 participants who are constantly replenished as individuals die or drop out. The costs and consequences of exercise may then be thought of as occurring within the same year. It is likely that a new programme would take some years to reach a steady state, during which the costs of the programme would be higher than those assumed here, though not greatly so. Variation in programme costs is considered in the sensitivity analysis. Individuals for whom exercise may be unsafe will have been identified by use of a simple checklist on recruitment, and in doubtful cases referred to their GP for advice.
Identification of costs and benefits
In a social assessment of an intervention, all possible costs and consequences are identified, measured and valued." Table 1 lists the direct costs of the programme, and the likely health and resource consequences. There is unlikely to be a substantial indirect impact on the economy, for example, through time off work, given the age group although there may be some impact (which could be positive or negative) on the voluntary contribution older adults make, including childcare and caring for relatives. On the consequences side, there will be measurable health as well as other intangible benefits such as widened social contacts. There will also be resource consequences for health and social services as a result of avoided health events.
Not all of the items listed in the table are included in our model. For many of the consequences, this is because there is at present little or no evidence on which to base any estimate of benefit. Transport costs are not included because the experience of the Sheffield programme suggests that, with exercise classes provided locally, over 90 per cent of participants regularly walk to the class. Nor are adverse effects on health which might occur as a result of the programme, such as minor injury or sudden cardiac events, included in the analysis. Evidence from cardiac rehabilitation programmes and trials of exercise in elderly populations, together with our experience to date, indicates that important adverse health effects are very rare.
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Measurement of costs
The direct costs used here are based on the actual costs of running the Sheffield programme, at 1993-1994 prices. Local church halls and community centres are hired at an hourly rate. Qualified exercise leaders are contracted on a sessional basis, at the local market rate. A full-time co-ordinator is necessary to administer the programme. Publicity is required only to recruit sufficient new participants to replace those 20 per cent of the cohort who begin but drop out each year. Recruitment in our trial has been primarily postal, with one in five of those sent a simple invitation letter and follow-up reminder subsequently joining a class. The recruitment cost is therefore that of sending out 10 000 invitations and a similar number of reminder letters.
In keeping with our experience, we assume that participants attend two exercise classes, each lasting one-and-a-half hours, each week. The classes are provided for 46 weeks per year, and each class accommodates an average of 30 people.
Measurement of consequences
Estimates of the proportion of disease incidence which could be avoided by regular exercise are taken from a recent review by Nicholl et al. 4 These proportions are derived from estimates of the relative risk of disease in cohorts of active and non-active individuals, but also depend upon the proportion of the population currently exercising to recommended levels who, we assume, will gain no further benefit from a physical activity programme. Given that 80 per cent of individuals over 65 years are insufficiently physically active, 14 the proportions of disease incidence avoided are applied to the expected numbers of events, based on routine death registration and hospital admission statistics, 15 ' 16 to estimate the potential reduction in deaths and in-patient episodes for the five conditions listed below in Table 3 .
Health gains are measured in terms of lives extended and life-years saved, assuming an average life expectancy for over65s of 10 years. 17 The avoided costs of in-patient care for each condition are estimated as the product of the average diseasespecific length of stay for people over 65 and the specialty cost per day for 1993-1994. 18 As indicated in Table 1 , we have not included a number of important health and resource consequences. This will have the effect of underestimating the potential health benefits and avoided health care costs, and in some cases -for example, nursing home care -such costs may be substantial.
In the analysis, the net public cost of the programme is derived and set against the health consequences. Given the multi-dimensional nature of the outcomes it is not possible to conduct a cost-effectiveness analysis, so the chosen technique is a cost-consequences analysis, in which many of the benefits are presented in natural units. 11 However, a partial comparison of cost-effectiveness with other commonly purchased health care interventions can be made in terms of cost per life-year gained.
Results
Costs of intervention
The annual cost of providing the exercise programme for 10000 participants is estimated to be £854700 ( Table 2 ). The main elements in this total are the hire of halls in which to hold classes (£345000) and the salary costs of exercise session leaders (£368000).
Benefits
The expected numbers of deaths and hospital episodes for a population of 10 000 people aged 65 and over, as a result of the five conditions listed above, are given in Table 3 , together with the mean length of stay for patients aged 65 and over. 16 Multiplied by the average specialty cost per day, these give an estimate of the cost per in-patient episode in this age group for each condition.
The proportions of disease incidence which might be avoided by exercise have been applied to the figures in Table 3 to calculate the potential numbers of deaths and episodes which might be avoided, together with the avoided health care costs, and these are shown in Table 4 . It is estimated by this method that 77 deaths and 229 in-patient episodes, with an associated cost of £601000, might be avoided per 10000 participants per year. 'Estimated from hospital episodes for fractured neck of femur in people over 65, which end in death. 16 LOS, length of stay.
Cost-consequences analysis
As it is estimated that health care costs of £601 000 could be avoided by a programme costing £854 700, the net public cost of the programme is therefore estimated as £253 700 per 10 000 participants. Assuming the mean expectation of life after 65 to be 10 years, the programme costs approximately £330 per life-year saved, and £1100 per avoided health event.
Sensitivity analysis
The cost per unit of health effect for the central assumptions, together with a sensitivity analysis across a range of other assumptions, is shown in Table 5 . The cost per life-year gained varies from about £100 to £1500. Because this analysis is intended only to provide an indication of the probable costeffectiveness on the basis of current evidence, extensive sensitivity analysis at this stage does not seem worth while. However, even large variations in basic assumptions do not seriously harm the apparent cost-effectiveness of the proposed programme.
Discussion
An exercise programme of the sort described, aimed at people over 65, could achieve important health benefits. The likely cost-effectiveness of this programme compares very favourably with other preventive interventions already in routine practice, such as brief advice from a physician on smoking (about £700 per quality adjusted life-year saved), opportunistic screening for cholesterol (about £3700) or treatment of mild to moderate hypertension with j3 blockers (about £8500), 19 and supports Morris's claim that exercise represents 'today's best buy in public health'. 20 It should be emphasized that the analysis underestimates the health care costs which might be avoided because it ignores the very substantial consequences which are likely to follow in terms of reducing the need for nursing and residential care, primary care and out-patient services. Neither have we considered improvements in general health status and social functioning as a result of group exercise classes. If these additional health and social care costs were identified and included, the net cost per life-year saved would fall considerably, as the sensitivity analysis suggests.
Our analysis is intended only to be indicative of the scale of costs and consequences of an exercise programme and is clearly limited. Given the uncertainties inherent in the data, we have avoided sophisticated analyses of life-years gained in favour of simpler methods. The estimates of disease incidence avoided depend upon risk ratios derived from observational studies of the benefits of exercise in adult populations and represent the greatest source of uncertainty in this analysis. Because of the strong possibility of selection bias the risk ratios, and health consequences, resulting from exercise as an intervention may be either larger or smaller than these. It is also possible that promoting increased physical activity could lead indirectly to an adverse impact on health by encouraging people to take greater risks, or through delaying deaths at the cost of increasing the prevalence of severe disability. Our estimates of cost per life-year gained are therefore very tentative and must be tested in rigorous randomized trials of the cost-effectiveness of exercise in which both the duration and quality of life are measured, such as that currently under way in Sheffield.
If the benefits of exercise in elderly people prove to be as great in practice as this model suggests, then GP and health authority commissioners should consider the potential for exercise programmes to promote health and avoid disease at very reasonable cost. For example, a fundholding practice with a typical list size of 10000 patients, of whom 1500 are over 65, might expect about 300 of their older patients to participate in such a programme. The net running cost to the practice, if it were in a total purchasing pilot scheme able to realize the avoided costs of health care, would then be £7000-8000 annually. This level of expenditure is by no means unthinkable.
Overall, the promotion of physical activity in the elderly has considerable potential to contribute to the achievement of Health of the nation targets for coronary heart disease, stroke and mental health. 21 The provision of locally based exercise facilities paid for by the health service would certainly be an innovative, and possibly controversial, extension of current purchasing activity. However, this analysis suggests that it may be entirely defensible in terms of achieving worthwhile health gain at relatively low cost.
